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A study of the interaction of surface water and groundwater during tidal fluctuations was 

conducted at Naval Station Treasure Island, San Francisco, California from December 2000 
through March 2001.  Treasure Island is a 403-acre man-made island in the central portion of San 
Francisco Bay that was constructed in 1936 and 1937 using sand hydraulically dredged from the 
bottom of San Francisco Bay.  The tidal interaction study was conducted along three transects of 
piezometers located in the western, eastern, and southeastern areas of the island, respectively.  
Thetransects were placed in areas with different seawall construction and depth of water to help 
evaluate the effects of shoreline configuration on tidal interaction.  Each transect consisted of a 
series of up to 10 piezometers that extended distances of 80 to 110 feet inland from the seawall.  

Water level, electrical conductivity, and temperature were measured at 15–minute intervals 
in each piezometer using probes with data logging capabilities.  Because the electrical conductivity 
of Bay water is distinct from the conductivity of groundwater in the fresh water lens beneath 
Treasure Island, conductivity was used as an indicator to estimate the extent and degree of physical 
mixing of Bay water and groundwater in the nearshore zone.  A colloidal borescope was also used 
in selected piezometers to measure groundwater flow velocities and flow directions over tidal 
cycles. 

The tidal range in San Francisco Bay during the tidal interaction study was –1.1 to 8.8 feet 
mean lower low water (MLLW).  Water levels in the piezometers adjacent to the seawall ranged 
from 2.0 to 7.9 feet MLLW during tidal cycles.  Tidal efficiency was significantly greater on the 
western side of the island where the seawall extended into deeper water. 

The zone of physical mixing of surface water and groundwater, as indicated by 
conductivity measurements in the piezometer transects, extended further inland on the western side 
than on the eastern side of the island.  Within the shallow piezometer located within 10 feet of the 
seawall on the western side of the island, conductivity measurements in the piezometers indicated 
that water in the piezometer during high tide typically consisted of a mixture of approximately 25 
percent Bay water and 75 percent fresh groundwater.  During low tide events, the water in the 
piezometer typically consisted of a mixture of approximately 5 to 10 percent Bay water and 90 to 
95 percent fresh groundwater.  Conductivity measurements in the piezometers varied with the tidal 
cycles with changes in conductivity decreasing with distance inland.  Groundwater flow reversals 
from seaward to inland flow corresponding with changes from ebb to flood tide were observed 
where consistent colloidal borescope measurements could be made.  Rapid intrusion of Bay water 
was observed during several high tide events.  During a high tide event on March 4, 2001 that was 
accompanied by a storm surge, temperature-adjusted conductivity or specific conductivity 
increased from 1,300 to 12,600 µS/cm over a 45-minute period.  The specific conductivity 
fluctuated widely during subsequent tidal events with the specific conductivity levels progressively 
decreasing to the lower pre-storm surge levels approximately 11 days following the storm surge.  


